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@ A semiconductor device including a semicon- 
ductor substrate (I); a metal wiring layers (31) 
formed on the semiconductor substrate; a first in- 
sulation layer (411) formed on the metal wiring layer 
(31). the first insulation layer (411) being formed by 
a tensile stress insulation layer having a contracting 
characteristic relative to the substrate; and a second 
insulation layer (412) formed on the first insulation 
layer (411). the second insulation layer (412) being 
formed by a compressive stress insulation layer hav- 
ing an expanding characteristic relative to the sub- 
strate. The tensile stress insulation layer (411) is 
produced by thermal chemical vapor deposition or 
plasma assisted chemical vapor deposition which is 
performed in a discharge frequency range higher 
that 2 megahertz; and the compressive stress insula- 
tion layer (412) is produced by plasma assisted 
chemical vapor deposition which is performed in a 
discharge frequency range lower than 2 megahertz. 




Fig. 5 (c) 
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A SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING SAME 



The present invention relates to a semiconduc- 
tor device and a nnethod of nnanufacturing same. 
More particularly, it relates to a semiconductor 
device having metal wiring layers and insulation 
layers formed on the metal wiring layers, and to a 
method of manufacturing the same. 

Generally, in producing a semiconductor de- 
vice of the above type, the insulation layers formed 
on the metal wiring layers (e.g., aluminum wiring 
layers) are produced by chemical vapor deposition 
using insulation material such as phosphor silicated 
glass (PSG). 

In this method, however, during the formation 
of the above insulation layers, problems have aris- 
en such as a disconnection of the metal wiring 
layers due to stress migration due to the effect of 
stress generated in the insulation layers, and 
cracks in the insulation layers. 

The present invention addresses the above- 
mentioned problems, and the present invention is 
concerned with not only the disconnection of the 
metal wiring layers due to stress migration but also 
a generation of cracks in the insulation layers. 

According to one aspect of the present inven- 
tion, there is provided a semiconductor device 
comprising a semiconductor substrate; a metal wir- 
ing layer formed over the semiconductor substrate: 
a first insulation layer formed over the metal wiring 
layer, the first insulation layer being formed by a 
tensile stress insulation layer having a contracting 
characteristic relative to the substrate; and a sec- 
ond insulation layer formed over the first insulation 
layer, the second insulation layer being formed by 
a compressive stress insulation layer having an 
expanding characteristic relative to the substrate. 

Also, according to another aspect of the 
present invention, there is provided a semiconduc- 
tor comprising a semiconductor substrate: a plural- 
ity of metal wiring layers formed over the semicon- 
ductor substrate, the plurality of metal wiring layers 
comprising one or more lower side metal wiring 
layers having a small wiring width and one or more 
upper side metal wiring layers having a large wiring 
width: one or more first insulation layers formed 
over the respective lower side metal wiring layers . 
each of the first insulation layers being formed by a 
tensile stress insulation layer having a contracting 
characteristic relative to the substrate: and one or 
more second insulation layers formed over the 
respective upper side metal wiring layers, each of 
the second insulation layers being formed by a 
compressive stress insulation layer having an ex- 
panding characteristic relative to the substrate. 

According to further aspects of the invention. 



there are provided methods for manufacturing the 
above-mentioned semiconductor devices. 

In these methods, the or each tensile stress 
insulation layer is formed by thermal CVD or plas- 
5 ma assisted CVD performed at a discharge fre- 
quency higher than around 2 MHz: and the or each 
compressive stress insulation laver is formed by 
plasma assisted CVD performed at a discharge 
frequency lower than 2 MHz. 
10 Reference is made. by way of example, to the 

accompanying drawings in which: 

Figure 1 is a drawing explaining a char- 
acteristic of a tensile stress insulation layer; 

Fig. 2 is a drawing explaining a characteristic 
75 of a compressive stress insulation layer; 

Fig. 3 is a drawing showing a tensile stress 
insulation layer formed on a metal wiring layer as a 
first insulation layer: 

Fig. 4 is a drawing showing a compressive 
20 stress insulation layer formed on the first insulation 
layer as the second insulation layer: 

Figs. 5(a) to 5(e) are drawings showing a 
process for manufacturing a semiconductor device 
according to a first embodiment of the present 
25 invention; 

Fig. 6 is a diagram showing how the value of 
the stress generated in the insulation layer pro- 
duced by plasma CVD is changed in accordance 
with the change of discharge frequency used in a 
30 plasma CVD system; 

Figs. 7(a) to 7(d ) are drawings showing a 
process for manufacturing semiconductor devices 
according to second and third embodiments of the 
present invention; 
35 Figs. 8(a) to 8(h') are drawings showing a 

process for manufacturing a senniconductor device 
according to a fourth embodiment of the present 
invention: 

Fig. 9 is a diagram showing experimental 
40 data regarding the generation of stress migration in 
various cases: and 

Fig, 10 is a diagram showing experimental 
data regarding the generation of cracks in the in- 
sulation layers in various cases. 

45 

As above-mentioned, a tensile stress insulation 
layer has a contracting characteristic relative to the 
substrate, and thus, when the tensile stress insula- 
tion layer T is formed on the semiconductor sub- 
so strate S as shown in Fig. 1. the tensile stress 
insulation layer T causes the substrate S to bend in 
a direction such that the insulation layer T con- 
tracts relative to the substrate S (i.e. a direction 
such that the insulation layer T compresses the 
metal wiring layer M formed on the substrate S). 
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On the other hand, a compressive stress in- 
sulation layer has an expanding characteristic rela- 
tive to the substrate, and thus, when the connpres- 
sive stress insulation layer C is formed on the 
semiconductor substrate S as shown in Fig. 2. the s 
compressive stress insulation layer C causes the 
substrate S to bend in a direction such that the 
insulation layer C expands relative to the substrate 
S (i.e.. a direction such that the metal wiring layer 
M formed on the substrate S is expanded together /o 
with the insulation layer C when the metal wiring 
layer is heated by a current flowing therethrough). 

Thus, in embodiments of the first aspect of the 
invention, by forming the tensile stress insulation 
layer T on the metal wiring layer M as the first 75 
insulation layer, the insulation layer T applies 
stress to the metal wiring layer M, to compress the 
metal wiring layer as shown in Fig. 3, and as a 
result, a disconnection of the metal wiring layer 
due to stress migration is prevented. Also, by for- 20 
ming the compressive stress insulation layer C on 
the first insulation layer T as the second insulation 
layer, as shown in Fig. 4. the compressive stress 
insulation layer tends to expand together with the 
expansion of the metal wiring layer when the metal 25 
wiring layer is heated, and thus the stress applied 
by the metal wiring layer to the insulation layer at 
that time is reduced, and as a result, a generation 
of cracks in the insulation layer is prevented. 

Also, in embodiments of the second aspect of 30 
the invention, by forming the tensile stress insula- 
tion layers on the respective lower side metal wir- 
ing layers having a small wiring width (e.g., on the 
first and the second metal wiring layers), a dis- 
connection of the metal wiring layers having a 35 
small wiring width due to stress migration is pre- 
vented. Also, by forming the compressive stress 
insulation layers on the respective upper side metal 
wiring layers having a targe wiring width (e.g., on 
the third and the fourth metal wiring layers), gen- 40 
eration of cracks in the insulation layers due to the 
expansion of the metal wiring layers having a large 
wiring width is prevented. In this connection, with 
regard to the metal wiring layers having a targe 
wiring width, a disconnection thereof due to stress 45 
migration need not be considered. 

As described in detail below, the tensile stress 
insulation layer may be produced by thermal 
chemical vapor deposition (thermal CVD) or plasma 
assisted chemical vapor deposition (plasma CVD) 50 
performed in a discharge frequency rang© higher 
than 2 megahertz. On the other hand, the compres- 
sive stress insulation layer may be produced by 
plasma assisted chemical vapor deposition (plasma 
CVD) performed in the discharge frequency range 55 
lower than 2 megahertz. Also, when the above 
tensile stress insulation layer or compressive stress 
insulation layer is formed by a particular plasma 



assisted chemical vapor deposition such that the 
above plasma is produced by electron cyclotron 
resonance (ECR plasma CVD). the surface of the 
corresponding insulation layer can be made flat, 
and thus ensure a high reliability of the metal 
wiring layers formed on the flattened surfaces of 
the insulation iayers. 

In this connection. United States Patent 
4.446,194 discloses a method of forming a dielec- 
tric layer having a compressive stress 
(corresponding to compressive stress insulation 
layer) on the metal layer and forming a dielectric 
layer substantially free of compressive stress 
(corresponding to the tensile stress insulation layer) 
on the compressive stress insulation layer, to pre- 
vent a formation of voids in the metal layers. 

But. as shown in the experimental data de- 
scribed in detail below, a semiconductor device 
embodying the present invention (i.e., a semicon- 
ductor device comprising a tensile stress insulation 
layer formed on the metal layer and a compressive 
stress insulation layer formed on the tensile stress 
insulation layer) may effectively prevent both a 
disconnection of the metal layers due , to stress 
migration and a generation of cracks in tfie insula- 
tion layers, compared with the device disclosed in 
the above U.S. P. Namely, in embodiments of the 
present invention, the above-mentioned particular 
advantages can be obtained, which cannot be ex- 
pected from the above U.S. P. 

Figures 5(a) to 5(e) show a process for manu- 
facturing a semiconductor device according to a 
first embodiment of the present invention. First, as 
shown in Fig. 5(a), a first metal wiring layer (e.g.^ 
aluminum wiring layer) 31 is formed on a semicon- 
ductor substrate 1 (e.g.. a silicon substrate) via a 
silicon insulation film 2 (e.g.. a silicon dioxide 
(Si02) film). Next, as shown in Fig. 5(b), a tensile 
stress insulation layer 41 ^ is formed as a first 
insulation layer on the first metal wiring layer 3 I.J 
The tensile stress insulation layer 411 functions to 
compress the metal wiring layer 31. due to the] 
contracting characteristic thereof relative to the 
substrate, and thus prevents stress migration which 
will cause a disconnection of the metal wiring layer 
31. Then, as shown in Fig. 5(c), a compressive 
stress insulation layer 412 is formed as a second 
insulation layer on the tensile stress insulation layer 
411. In this connection, the compressive stress 
insulation layer 412 expands together with the met- 
al wiring layer 31 when the metal wiring layer is 
heated by a current flowing therethrough, due to 
the expanding characteristic thereof relative to the 
substrate, and thus stress applied by the metal 
wiring layer to the insulation layer at that time is 
reduced, and as a result, generation of cracks in 
the insulation layer is prevented. 

In this connection, the tensile stress insulation 
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rayer<^4^1- can be formed by ihermal chemical 
/apor deposition (thermal CVD) or plasma assisted 
' chemical vapor deposition fplasma CVD). When the 
, thermal CVD method is used, an insulation material 
such as phosphor silicated glass (PSG) or silicon 
dioxide (SiOs) is deposited on the metal wiring 
layer under the condition of a reduced atmospheric 
pressure or standard atmospheric pressure, and a 
processing temperature range higher than 200 'C, 
preferably from 300 'C to 450 'C, When the plas- 
ma CVD method is used, an insulation material 
(reaction gas) such as the above PSG, Si02 . 
SiON, SiaN* or-..SPSG^4bofGa*ptos]Dho^^ 
-C[lass), is deposited on the metal wiring layer by 
supplying a high frequency power having the dis- 
charge frequency range higher than 2 megahertz 
(e.g., 13.56 megahertz) between flat electrodes ar- 
ranged, for example, in parallel, one of which elec- 
trodes is connected to the substrate, under the 
I processing temperature range of from 200 *C to 
-450 ' C. 

r The plasma CVD method is used for forming 
the compressive stress insulation layer 412, and 
the insulation material (the reaction gas) such as 
the above PSG. SiOa . SiON, SisN* , or BPSG i s 
deposited on the first insulation layer by supplying 
a high frequency power having a discharge fre- 
quency range lower than 2 megahertz (e.g., 200 
kilohertz) between the above electrodes, under a 
processing temperature range of from 200 * C to 

\^450 ' C. 

Note, the above plasma CVD is of a type other 
than a plasma CVD wherein the plasma is pro- 
duced by electron cyclotron resonance (ECR plas- 
ma CVD) as described below. 

Figure 6 is a diagram showing how the value of 
the stress generated in the insulation layer pro- 
duced by the plasma CVD is changed in accor- 
dance with a change in the discharge frequency of 
the high frequency power supplied from a high 
frequency generator connected between the above 
electrodes used in the plasma CVD system. In Fig. 
6, the abscissa corresponds to the discharge fre- 
quency, and the ordinate corresponds to the value 
of the stress fusing 10" dyne/cm^, where n = 8 for 
PSG, and n = 9 for SisN* . as a unit) generated in 
the insulation layer produced by the plasma CVD. 
This plasma CVD was performed by using the 
insulation material (reaction gas) of the above PSG 
and SisNt. The value of the tensile stress gen- 
erated in the insulation layer is represented as a 
positive value, and the value of the compressive 
stress generated in the insulation layer is repre- 
sented as a negative value. 

The value of the stress becomes zero at the 
point where the discharge frequency is 2 
megahertz, and the value of above tensile stress 
increases in accordance with the increase of the 



discharge frequency in the frequency range higher 
than 2 megahertz. On the other hand, the value of 
the above compressive stress increases in accor- 
dance with a decrease of the discharge frequency 
5 in the frequency range tower than 2 megahertz. 
Namely, the tensile stress insulation layer is 
formed when the plasma CVD is performed at the 
discharge frequency range higher than 2 
megahertz, and the compressive stress insulation 

w layer is formed at the discharge frequency range 
lower than 2 megahertz. These conditions remain 
unchanged even when the above ECR plasma CVD 
is adopted, instead of ariother type of plasma CVD. 
for forming the insulation layer. 

15 Then, as shown in Fig. 5(d), a second metal 

wiring layer 32 is formed on the second insulation 
layer 412. When the above-mentioned steps are 
repeated, a tensile stress insulation layer 421 and a 
compressive stress insulation layer 422 are sue- 

20 cessively formed on the second metal wiring layer 
32, and a third metal wiring layer 33 is formed on 
the above insulation layer 422 corresponding to the 
second insulation layer. 

Then, in the above embodiment, the compres- 

25 sive stress insulation layer 432 is formed as a 
cover on the third metal wiring layer 33, as shown 
in Fig. 5(e), and subsequently, an anneal process- 
ing for the semiconductor device is carried out for 
about half an hour under a temperature of. for 

30 example, 450 ' C. 

Figures 7(a) to 7(d ) show a process for manu- 
facturing semiconductor devices according to sec- 
ond and third embodiments of the present inven- 
tion; the step shown in Fig. 7(a) corresponds to that 

35 of the above Fig. 5(a). 

Next, in the second embodiment of the present 
invention, as shown in Fig. 7(b). a tensile stress 
insulation layer 411 is formed on the first metal 
layer 31 as the first insulation layer. This insulation 

40 layer 411 may be formed by the same means as 
used to form the tensile stress insulation layer 41 1 
in the first embodiment- Then, as shown in Fig. 7- 
(c), a compressive stress insulation layer 412 is 
formed as the second insulation layer on the first 

•J5 insulation layer 411 . The insulation layer 412 is 
formed so that the surface thereof is made flat. 

In this connection, the insulation layer 412 
having the flattened surface is formed by the 
above-mentioned ECR plasma CVD method. 

50 In this case, this ECR plasma CVD is carried 

out under the condition that the microwave power 
for producing the ECR Plasma is. for example. 800 
watts, and the discharge frequency and the output 
of the high frequency bias power applied between 

55 one electrode connected to the substrate and the 
other electrode (e.g.. the earth electrode) are. for 
example. 400 kilohertz and 50 to 100 watts, re- 
spectively. Namely, as shown in Fig. 6. even when 
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the above ECR plasma CVD is adopted, the com- 
pressive stress insulation layer may be produced in 
a discharge frequency range of the above bias 
power which is lower than 2 megahertz. Under this 
condition, the insulation layer 412 is produced by 
using an insulation material such as Si02 , PSG, 
SiON, ShN^ or BPSG. 

Accordingly, the surface of the insulation layer 
412 may be flattened, and then, as shown in Fig. 
7(d), a second metal wiring layer 32 formed on the 
flattened surface of the insulation layer 412'. Fur- 
ther, the above steps for forming the first and 
second insulation layers and the metal wiring layer 
may be successively repeated a predetermined 
number of times. 

Also, in the third embodiment of the present 
invention, after the first step shown in Fig. 7(a). as 
shown in Fig. 7{b ), a tensile stress insulation layer 

411 is formed as the first insulation layer on the 
first metal wiring layer 31, in such a manner that 
the surface of the insulation layer 41 1 is made flat. 

As above-mentioned, the insulation layer 411 
having a flattened surface, is formed by the above 
ECR plasma CVD method, in this case, this ECR 
plasma CVD is carried out under the condition that 
the above microwave power for producing the ECR 
plasma is, for example, 800 watts, and the dis- 
charge frequency and the output of a high fre- 
quency bias power applied between the above 
electrodes, one of which electrodes is connected to 
the substrate, are. for example, 13.56 megahertz 
and 50 to 100 watts, respectively. Namely, as 
shown in Fig. 6, even when the above ECR plasma 
CVD is adopted, the tensile stress insulation layer 
may be produced in the discharge frequency range 
of the above bias power, which is higher than 2 
megahertz. Under this condition, the insulation lay- 
er 41 1 is produced by using the insulation ma- 
terial such as PSG, Si02 . SiON, SiaN* or BPSG. 

Then, as shown in Fi^. 7(c ), a compressive 
stress insulation layer 412 is formed as the sec- 
ond insulation layer on the flattened surface of the 
insulation layer 411 . The insulation layer 412 " may 
be fornried by the same means used to form the 
compressive stress insulation layer 412 in the first 
embodiment. The surface of the insulation layer 

412 . which is formed on the flattened surface of 
the insulation layer 41 1 also may be flattened. 
Then, as shown in Fig. 7(d ). a second metal wiring 
layer 32 is formed on the flattened surface of the 
insulation layer 412 . Further, the above steps for 
forming the first and second insulation layers and 
the metal wiring layer can be successively re- 
peated a predetermined number of times. 

Thus, according to the second and third em- 
bodiments of the present invention, since each of 
the metal wiring layers is formed on the flattened 
surface of the corresponding insulation layer, a 



high reliability of the metal wiring layers is ensured. 

Figures 8(a) to 8(h') show a process for manu- 
facturing a semiconductor device according to a 
fourth embodiment of the present invention. In this 

5 embodiment, a plurality of metal wiring layers are 
provided, a tensile stress insulation layer is formed 
on each of lower side metal wiring layers having a 
small wiring width, and a compressive stress in- 
sulation layer is formed on each of upper side 

10 metal wiring layers having a large wiring width. 

Namely, in this embodiment, the tensile stress 
insulation interlayers 41 and 42 are formed on the 
first and second metal wiring layers 31 and 32 
having small wiring widths ti and , respectively, 

75 to prevent disconnection of the metal wiring layers 
having the small wiring widths due to stress migra- 
tion. In this connection, the tensile stress insulation 
layers may be formed by the same means used to 
form the tensile stress insulation layers in the 

20 above first embodiment. 

Also, the compressive stress insulation layers 
(interlayers and a cover) 43, 44, and 45 are formed 
on the third, fourth, and fifth metal wiring layers 33, 
34, and 35 having large wiring widths , U , and 

25 is . respectively. In this connection, it is not neces- 
sary to consider disconnection of the metai wiring 
layers having the large wiring widths to is . due 
to stress migration. Accordingly, as above-men- 
tioned, the compressive stress insulation layers are 

JO formed on the metal wiring layers having the targe 
wiring widths, to prevent the generation of cracks in 
the insulation layers, due to expansion of the metal 
wiring layers having the large wiring widths. The 
compressive stress insulation layers also may be 

35 formed by the same means used to form the 
compressive stress insulation layers in the above 
first embodiment. 

In this connection, in the above semiconductor 
device having a plurality of metal wiring layers, one 

40 or more metal wiring layers having the small wiring 
widths (e.g., signal lines) are formed with a high 
wiring density as the lower side metal wiring layers 
(in the above case, as the first and second metal 
wiring layers), and the remaining metal wiring lay- 

45 ers having the large wiring widths (e.g., power 
supply lines) are formed with a tow wiring density 
as the upper side metal wiring layers (in the above 
case, as the third to fifth metal wiring layers). 

In Figs. 8(a) to 8(h'), the steps shown in Fig. 8- 

50 (a) and Fig. 8(b) correspond to those of Fig. 5(a) 
and Fig. 5(b). respectively. 

Next, as shown in Fig. 8(c), the second metal 
wiring layer 32 having the wiring width ta is formed 
on the tensile stress insulation interlayer 41. and as 

55 shown in Fig. 8(d), the tensile stress insulation 
interlayer 42 is again formed on the metai wiring 
layer 32. Next, as shown in Fig. 8(e), the third 
metal wiring layer 33 having the wiring width 1 3 , 
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which IS larger than the above l-. and ■ is 
fcrmed on the insulation interiayer 42. and as 
shown in Fig. 8(f), the compressive stress insula- 
tion interiayer 43 is then formed on the metai 
wiring iayer 33. Next, as shown in Fig. 8(g), the 
fourth metal wiring layer 34 having the wiring width 

, which is also larger than t- . and t2 . is 
formed on the insulation interiayer 43. The above 
steps are repeated a predetermined number of 
times, and finally, as shown in Fig. 8(h). the com- 
pressive stress insulation layer 45 is formed as the 
cover on the fifth metal wiring tayer 35 having, for 
example, the wiring width is which is also larger 
than 1 1 . and tj- 

Figure 8(h ) shows another typical construction 
of the semiconductor device according to the 
above fourth embodiment of the present invention. 
This semiconductor device comprises four metal 
wiring layers including two lower side metal wiring 
layers (i.e., the first and second metal wiring layers 
31 and 32 having small wiring widths l / and I2 . 
respectively) and two upper side metal wiring lay- 
ers (i.e., the third and fourth metal wiring layers 33 
and 34 having large wiring widths 1 3 and t * . 
respectively)- The tensile stress insulation interlay- 
ers 41 and 42 are formed on the above lower side 
metal wiring layers 31 and 32. respectively, and the 
compressive stress insulation layers (an interiayer 
and a cover) 43 and 44 are formed on the above 
upper side metal wiring layers 33 and 34. respec- 
tively. The tensile stress insulation layers and the 
compressive stress insulation layers may be 
formed by the same means used to form the 
tensile stress insulation layers and the compressive 
stress Insulation layers in the above first embodi- 
ment. 

Figure 9 shows experimental data regarding 
the generation of the above stress migration in 
various cases. The data was obtained under the 
condition that a current having a density of 3.0 x 
10^ Acm2 (Amperes/cm2) is made to flow through 
the aluminum wiring layers having a wiring width of 
1.5 a (microns) and a wiring thickness of 0.7 u 
(microns), at a temperature of 250 " C. 

In Fig. 9, the abscissa corresponds to the test 
time, (in hours), and the ordinate corresponds to an 
accumulated ratio of the generation of the defect 
(i.e., the above stress migration), shown as a per- 
centage. 

In Fig. 9, marks along a line "C** cor- 
respond to test data in the case wherein each of 
the insulation interlayers is formed only by the 
tensile stress insulation layer produced by thermal 
CVD, and marks "o" along a tine "d" correspond to 
test data in the case wherein each of the insulation 
interlayers is formed only by the compressive 
stress insulation layer produced by plasma CVD. 
Further, marks along a line "b" correspond to 



test data m the case wherein each of the ^nsuiation 
interlayers comprises the compressive stress in- 
sulation layer as the first insulation layer and the 
tensile stress insulation layer formed on the com- 

5 pressive stress insulation layer as the second in- 
sulation layer, as shown in the above U.S. P. 
4.446.194, and marks "A"* along a line "a" cor- 
respond to test data in the case wherem each of 
the insulation interlayers comprises the tensile 

10 stress insulation layer as the first insulation layer 
and the compressive stress insulation tayer formed 
on the tensile stress insulation tayer as the second 
insulation layer, as in the present invention. 

As shown in Fig. 9 it is apparent that a con- 

15 struction embodying the present invention can be 
remarkably effective for preventing stress migra- 
tion, compared to other cases. 

Figure 10 shows experimental data regarding 
the generation of cracks in the insulation layers in 

20 various cases. 

In Fig. 10. test data I corresponds to the case 
wherein the insulation interlayers formed on the 
first, second, and third metal wiring layers are all 
formed only by the tensile stress insulation layers 

25 T. and only the cover formed on the fourth metai 
wiring layer is formed by the compressive stress 
insulation layer C. Also, test data III corresponds to 
the case wherein the insulation interlayers formed 
on the first and second metal wiring layers are 

30 formed only by the tensile stress insulation layers 
T. and the insutcltion interiayer formed on the third 
metal wiring layer comprises the compressive 
stress insulation layer C as a first insulation layer 
3-1 of the corresponding insulation interiayer and 

35 the tensile stress insulation layer T formed on the 
first insulation layer 3-1 as a second insulation 
tayer 3-2 of the corresponding insulation interiayer. 
as shown in the above U.S. P., and the cover 
formed on the fourth metal wiring layer is formed 

40 by the compressive stress insulation layer C. 
These test data I and III show that, according to the 
above constructions, it is impossible to prevent the 
generation of cracks in the insulation layers, as 
shown by marks "X**. 

45 On the other hand, test data II corresponds to 

the case wherein the insulation interlayers formed 
on the first and second metal wiring layers (i.e.. the 
metal wiring layers having the small wiring width) 
are formed by the tensile stress insulation layers T. 

50 and the insulation interiayer formed on the third 
metal wiring layer and the cover formed on the 
fourth metal wiring layer (i.e.. the insulation inter- 
iayer and the cover formed on the metal wiring 
layers having the large wiring width) are formed by 

55 the compressive stress insulation layers C. as 
shown in the fourth embodiment of the present 
invention. Also, test data IV corresponds to the 
case wherein the insulation interiayer formed on 
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the first metal wiring layer is formed by the tensile 
stress insulation layer T. and each of the insulation 
interlayers formed on the second and third metal 
wiring layers comprises the tensile stress insulation 
layer T as a first insulation layer 2-i or 3-1 of the 
corresponding insulation interlayer and the com- 
pressive stress insulation layer C formed on the 
first insulation layer 2-1 or 3-1 as a second insula- 
tion layer 2-2 or 3-2 of the corresponding insulation 
interlayer. as shown in the first embodiment of the 
present invention, and the cover formed on the 
fourth metal wiring layer is formed by the compres- 
sive stress insulation layer C. Further, test data V 
corresponds to the case wherein each of the in- 
sulation. interlayers formed on the first, second, and 
third metal wiring layers comprises the tensile 
stress insulation layer T as a first insulation layer l - 
1, 2-1, or 3-1 of the corresponding insulation inter- 
layer and the compressive stress insulation layer C 
formed on the first insulation layer 1-1, 2-1, or 3-1 
as a second insulation layer 1-2, 2-2, or 3-2 of the 
corresponding insulation interlayer, as shown in the 
first embodiment of the present invention, and the 
cover formed on the fourth metal wiring layer is 
formed by the compressive stress insulation layer 
C. These test data H. IV, and V show that, accord- 
ing to these embodiments of the present invention, 
the generation of cracks in the insulation layers can 
be effectively prevented, as shown by marks "o". 

Claims 

1. A semiconductor device comprising: 
a semiconductor substrate; 

a metal wiring layer formed over side semiconduc- 
tor substrate; 

a first insulation layer formed over said metal wir- 
ing layer, said first insulation layer being formed by 
a tensile stress insulation layer having a contracting 
characteristic relative to said substrate; and 
a second insulation layer formed over said first 
insulation layer, said second insulation layer being 
formed by a compressive stress insulation layer 
having an expanding characteristic relative to said 
substrate. 

2. A method of manufacturing a semiconductor 
device, comprising steps of: 

forming a metal wiring layer over a semiconductor 
substrate; 

forming a first insulation layer over said metal 
wiring layer by thermal chemical vapor deposition 
or plasma assisted chemical vapor deposition 
which is performed in a discharge frequency 
(range)higher than 2 megahertz; and 
forming a second insulation layer over said first 



insulation layer by plasma assisted chemical vapor 
deposition which is performed in a discharge fre- 
quency (range)lower than 2 megahertz. 

3. A method of manufacturing a semiconductor 

5 device according to claim 2, wherein at least one of 
said first and second insulation layers is formed by 
plasma assisted chemical vapor deposition in 
which said plasma is produced by electron cyclo- 
tron resonance. 

10 4. A semiconductor device comprising: 

a semiconductor substrate; 

a plurality of metal wiring layers formed over said 
semiconductor substrate, said plurality of metal wir- 
ing layers comprising one or more lower side metal 
75 wiring layers having a small wiring width and one 
or more upper side metal wiring layers having a 
large wiring width; 

one or more first insulation layers formed over the 
respective lower side metal wiring layers, each of 

20 said first insulation layers being formed by a tensile 
stress insulation layer having a contracting char- 
acteristic relative to said substrate; and 
one or more second insulation layers formed over 
the respective upper side metal wiring layers, each 

25 of said second insulation layers being formed by a 
compressive stress insulation iayer having an ex- 
panding characteristic relative to said substrate. 

5. A semiconductor device according to claim 
4, wherein said lower side metal wiring layers are 

30 used as signal lines and said upper side metal 
wiring layers are used as power supply lines. 

6. A semiconductor device according to claim 
4. wherein the number of said plurality of metal 
wiring layers is four, among which metal wiring 

35 layers, first and second metal wiring layers are 
formed as said lower side metal wiring layers, and 
third and fourth metal wiring layers are formed as 
said upper side metal wiring layers. 

7. A method of manufacturing a semiconductor 
40 device, comprising steps of: 

forming a plurality of metal wiring layers over a 
semiconductor substrate, said plurality of meta! wir- 
ing layers comprising one or more lower side metal 
wiring layers having a small wiring width and one 
45 or more upper side metal wiring layers having a 
large wiring width; 

forming one or more first insulation layers over 
respective lower side metal wiring layers by ther- 
mal chemical vapor deposition or plasma assisted 
50 chemical vapor deposition which is performed in a 
discharge frequency (range) higher than 2 
megahertz; and 

forming one or more second insulation layers over 
respective upper side metal wiring layers by plas- 
55 ma assisted chemical vapor deposition which is 
performed in a discharge frequency (range) lower 
than 2 megahertz. 
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3. A method of manufacturing a semiconductor 
device according to claim 7. wherein a number of 
said plurality of metal wiring iayers is four, among 
which metal wiring layers, first and second metal 
wiring layers are formed as said lower side metal 5 
wiring iayers, and third and fourth metal wiring 
layers are formed as said upper side metal wiring 
layers. 
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